is is the first study to determine the population structure of the freshwater crab Potamon algeriense in Oued Zegzel, a mountain stream in the northeast of Morocco. Monthly collections were carried out by hand, from October 2017 to September 2018. A total of 669 individuals, 378 males and 291 females, were captured, measured, marked, and released. Due to their extremely cryptic behavior during egg incubation, few ovigerous females were caught during the entire sampling period. e average size of males (28.98 ± 10.78 mm CW) is significantly larger than that of the females (28.62 ± 8.48 mm CW). Significant deviation from 1 : 1 sex ratio during the study period was recorded, and the size distribution of the sampled population presented an abnormal distribution where specimens over 31 and under 25 mm CW were often males, whereas females were represented more in the 26-30 mm CW range.
Introduction
Compared with marine crabs, freshwater crabs are considered to have rather low dispersal ability and high rates of endemism [1] . ey can cross longer terrestrial distances away from their aquatic habitat under humid conditions [2, 3] . Additionally, their philopatry is increased by the absence of marine planktonic larvae and by their brood care behavior. Consequently, the juveniles are forced to stay in the parental habitat [3, 4] . Furthermore, freshwater crabs are characterized by their low fecundity with small numbers of large eggs, brood protection, and shorter larval development [5] .
Most brachyurans living in freshwater belong to the superfamily Potamoidea, which includes four families, namely, Pseudothelphusidae; Potamidae; Potamonautidae; and Gecarcinucidae. e Potamidae is the largest of all freshwater crab families and comprises 95 genera, and more than 505 species are distributed throughout the southern Palaearctic and oriental zoogeographical regions from Morocco to as far east as Japan, and as far south as Indonesia [6] [7] [8] . is family includes many studied species, for example, the subspecies Potamon potamios palestinensis found in Palestine is widely represented in aquatic habitats throughout most of the country, comprising the arid Negev, and its distribution extends as far as the northernmost corner of Sinai [9] . e animals are active all year round and are prevalently nocturnal. In its feeding habits, this species behaves as a generalist, actively preying on frogs, fishes, and various invertebrates [10] .
Besides this subspecies, we found the freshwater crab Potamon fluviatile, which its distribution covers, parts of many countries especially, in mainland Italy and on the Balkan Peninsula from Dalmatia to the Axios river in Greece [11] . Its occurrence also comprises several islands, including Sicily, Malta, and Gozo, the Ionian Islands, Aegean Islands, Sporades, and Andros in the Cyclades [12] . Small individuals shelter under stones, while adult ones inhabit burrows. e depth of burrows could reach more than 80 cm and likely serve to protect the crabs from extreme cold [13] . e only Maghrebian representative of this family is Potamon algeriense (Bott, 1967), whose members are reported around the Mediterranean, the Middle East, and the Himalayas. In fact, P. algeriense in northern Africa represents the westernmost extension of this family. e species is found only in three countries: Morocco, Algeria, and Tunisia [14] . In Morocco, the species has been reported from the North in the watershed of the Oued Laou near Chefchaouen from the Northeast watershed of Moulouya and from the Middle Atlas in the Oued Oum Rbia watershed near Khenifra.
Potamon algeriense is usually found under stones in the shallow water of the temperate rivers of Maghreb and in seasonally arid freshwater bodies where crabs are adapted to be semiterrestrial and can dig burrows that can reach 50 cm depth looking for water and humidity [15] . Potamon algeriense is an omnivore and opportunistic species, and its diet comprises invertebrates, tree leaves, fish, and cadavers. Cannibalism is also present between unequal individuals (large crabs devour small ones).
Despite the wide distribution of P. algeriense, its populations are discontinuous and highly fragmented, and there is a cause for taking into consideration the future stability of a number of its isolated subpopulations. Even though this species is included in the IUCN red list as least concern species [16], the crab populations may nevertheless be threatened in the future due to rapid anthropogenic changes affecting their habitats such as water diversion and pollution. As a consequence, P. algeriense populations might face the threat of extirpation soon, especially those existing in the proximity of human agglomerations. e available information about the population biology of freshwater crabs is very scarce [13, [17] [18] [19] , and Potamon algeriense makes no exception since all information about this species is nonupdated, and studies treat only its geographic distribution and taxonomic status [16] . e present manuscript aims to describe for the first time the population structure of the freshwater P. algeriense from Oued Zegzel, a mountain stream in the Northeast of Morocco.
Materials and Methods
Crabs were collected monthly over one year (October 2017 to September 2018) from Oued Zegzel (34°50′ 29.4″ N 2°21′ 19.8″ W), a tributary of the lower Moulouya river in the northeast of Morocco (Figure 1 ), by excavating burrows and searching under blocks.
Crabs were caught manually by plunging an arm into the burrow, and their Carapace Widths (CW) were then measured from the widest part to the nearest 0.01 mm using a Vernier caliper ( Figure 2 ). ey were then marked by the ablation of the dactylus of the walking leg, without handicapping the individual (to avoid remeasuring), and then they were released. e depth of the burrow can reach more than 50 cm ( Figure 3 ); it was not always possible to catch the crabs before they escaped to the greater depths. Consequently, the individuals assessed here represent a haphazard sample.
For all crabs, the sex determination was based on their abdominal morphology (considerably wider in females than in males) ( Figure 4 ) and the number of pleopods. e presence of eggs or juvenile in females was also recorded for each specimen.
Only sexed specimens were used in this study.
Results
A total of 669 crabs were captured over one year, which included 378 males and 291 females. Sizes ranged from 9.50 to 60.30 mm CW for males and from 11.80 to 50.10 mm CW for females. e smallest ovigerous female found was 36.90 mm CW; however, the largest was 50.10 mm CW. e histogram was divided into 12 size classes with an interval of 5 mm CW ( Figure 5 ). e obtained population sample presented an abnormal distribution (Shapiro-Wilks' W � 0.97, P < 0.05). Mean carapace width of males 28.98 ± 10.78 mm was significantly larger than that of females 28.62 ± 8.48 mm, (t � 2.47; P < 0.05). Young crabs were the most dominant in the samples. In contrast, larger crabs were sporadically recorded throughout the study period (Table 1) . A small number of ovigerous females were registered, in June (N � 2) and July (N � 1); however, females carrying hatched eggs (juveniles) in their abdomen were collected in September (N � 2). e sex ratio of the total population was significantly different from 1 : 1 ratio (P < 0.05) ( Table 2) .
During fieldwork, three matings were observed. e couples were found in the shallow water, and both partners had rigid exoskeletons. e male holds the female's second pereopods with the aid of his first pereopods (chelipeds), and then turning her over and pushing her under himself, at the same time inserting his abdomen under his partner. Males were larger than copulating females in all observed cases.
Discussion
In the present study, males were significantly larger than females. Analysis of the population structure showed that the size classes were unequally represented in the sexes. Specimens over 31 and under 26 mm CW were more often males, and this class coincides with the size at which the puberty ecdysis occurs [20] , whereas females were represented mostly in the 26-30 mm CW range. Crab populations with larger males have already been noticed for Potamon fluviatile, Potamon potamios palestinensis, and Potamon gedrosianum [13, 18, 21] . is phenomenon may be associated with the increase of the intermolt interval [22, 23] and/or the decrease of the growth rate [24] . However, this is in contrast to what has been observed for other freshwater crabs, when the females were larger than males, as the cases of Dilocarcinus pagei and Trichodactylus fluviatilis [25, 26] . e reproductive activity could be also a second possible phenomenon limiting female size growth in Brachyura [27] . Moreover, both reproduction and molting involve important energy needs [28] [29] [30] [31] . As in the case of P. fluviatile populations [4] , reproduction and ecdysis periods of Potamon algeriense almost synchronize, it is improbable that the crab would undergo both phenomena in the same annual cycle. e high cost of egg production resulting a higher mortality rate, (if we compare it with the low cost of spermatogenesis 2
International Journal of Ecology processes) [32] , and/or by the intense vagility exhibited during the preovulatory period [2] , could be a third possible explanation for the smaller size of females due to the exposure to many risks such as predation and dehydration.
Based on daytime sampling only, the population structure follows an apparent asymmetry, with small crabs (CW < 26 mm) being represented more than larger ones. ese results are with the agreement of what has been International Journal of Ecology observed in the cases of Potamon potamios palestinensis [18] and P. fluviatile [13] . is phenomenon could be explained by the cryptic behavior of adult individuals, especially during daytime hours, who tend to hide under stones and between aquatic plants, in order to avoid extreme temperatures, diurnal predators, and low humidity.
All these factors push the adult crabs to focus their activity at night. A nocturnal activity pattern has also been reported in the Italian freshwater crab P. fluviatile (except in the coldest months, where individuals are active during daytime) [3] , in the P. gedrosianum of Afghanistan [21] and in the P. potamios palestinensis of Palestine [18] . In contrast, International Journal of Ecology small crabs are more active in the daytime. In fact, the prevalence of diurnalism within the young specimens is probably the consequence of the intensive competition exerted on them by adults, who will even cannibalize small conspecifics, as observed in P. potamios palestinensis and P. fluviatile. Fewer crabs were caught during the sampling period from February to May (Figure 6 ). is could be explained by the strong river flow due to the massive rainfall in the area of the study. In fact, the region is characterized by a Mediterranean climate, and those months are known by their heavy precipitations.
During the reproduction period (from May to October), the sex ratio changes. More males were found than females, especially in June and September, when females carry eggs under their abdomens. Consequently, their locomotor activity began to be cryptic and limited [3] . In fact, the inconspicuous behavior of mature females may explain the small number of ovigerous and juvenile-carrying females in the samples. An identical behavior has been reported for the freshwater crab Trichodactylus fluviatilis [26] and the terrestrial crab Geosesarma notophorum [33] .
Conclusion
Certainly, more data are required concerning diet composition, phylogeography, parasitology, and the frequencies of spawning and molting to complete the lack of information about this unstudied species. 
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Data Availability
All data used to support the findings of this study are available from the corresponding author upon request.
